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In This Talk...

Review the Digitization Process,•	

Compare the new and old designs for the pulse shaper portion •	
of the fast TDC control card,

Discuss the changes made to the pulse shaper,•	

Review the implementation options for comparator/TDC,•	

Preview the layout changes made to the fast TDC control card,•	

Show the new design for the Ethernet control.•	



Digitization

Our main motivating factor for the Fast TDC control card is to 
reduce noise.

The digitization will occur immediately after the feed •	
through,

Differential circuits will be used to minimize noise from the •	
digitization process,

Early digitization will allow for a longer cable run.•	



Digitization

  The analog signal is fed into a comparator and compared with a •	
common reference voltage,

Pulses rather than analog signals are transmitted on the cable.•	

V1

T1

V2

T2

V3

T3

V4

T4



Digitization

CLEANCLEAN CLEAN CLEAN

NOISY NOISY NOISY

V1

T1

V2

T2

V3

T3

V4

T4

The analog signal can be reconstructed using the known reference •	
voltage and the time samples,

The time interval while the reference voltage changes from ramping •	
up to ramping down may be noisy but the analog signal is not sampled 
during it.



 

Pulse Shaper

Old design was a three stage amplifier:

It’s function is to prepare the analog signal before feeding it into the •	
ADC,

This design was to large to fit onto the current board size,•	

I wanted to reduce space needed for the pulse shaper without compro-•	
mising it’s function.



Pulse Shaper

New design is a two stage amplifier:

Combined the first two opamps while preserving gain,•	

Now feeds directly into a comparator,•	
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Pulse Shaper

We eliminated enough components 
on the design to fit 16 pulse shapers 
on each side of the Fast TDC control 
card.

There are now enough pulse shapers 
for all the channels of input signal 
that the board will handle.

The next step on the control card is 
the comparator and TDC.
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Pulse Shaper

We eliminated enough components 
on the design to fit 16 pulse shapers 
on each side of the Fast TDC control 
card.

There are now enough pulse shapers 
for all the channels of input signal 
that the board will handle.

The next step on the control card is 
the comparator and TDC.



C:\vbjobs\MicroBooNE\Single_Slope_ADC1\PCB\CtrlCard.pcb - Page 1 of 1 pages.

FAST TDC

Apr. 2008, Ver. 1.0
CTRLCARD

DB

BP479

BP473

BP122

BP466

BP478

BP235

BP237

BP236

BP234

BP233

BP232

BP231

BP154

B
P
2
4
5

BP251

B
P
2
4
4

B
P
4
7
7

BP468

B
P
4
7
6

BP253

BP252

BP125

B
P
2
2
8

B
P
2
0
5

BP146

BP143

B
P
1
3
6

B
P
1
3
8

B
P
1
5
9

BP142

BP150

BP145

BP144

B
P
2
5
5

B
P
2
5
4

B
P
4
7
4

B
P
2
2
7

B
P
4
6
7

BP239

B
P
2
2
4

BP223

B
P
2
2
1

B
P
2
1
8

B
P
2
1
7

B
P
2
0
9

BP198

BP200

BP199

BP197

BP196

BP195

BP194

B
P
2
0
8

BP201

BP165

BP141

B
P
1
3
5

B
P
1
5
5

BP149

B
P
1
3
7

B
P
1
5
6

B
P
1
5
7

B
P
1
5
8

B
P
1
3
9

B
P
1
3
4

BP140

BP43

R230

R232

TXD1

R231

R233

U27

U115

GNDin0

J11R168

D12
D11

D14
D13

R974

R973

J
1
9

J
2
1

J
2
0

R
9
6
5

U116

C67

D
7

D
9

G
N
D
4

L
9

R
2
6
6

B
P
4
7
5

U
2
0

X
3

v
D
S
0
n

R955

BP38

B
P
4
7
2

BP42BP41

v
A
M
0

v
A
M
4

v
A
M
5

v
A
S
/

v
A
1
6
t
o
2
3
e
q
n

R130

C
6
3

v
v
L
D
L
/

C
6
1

R63

F
l
a
s
h
C
E
/

B
P
6
2

U
3
8

R41

L
2

R172

C58

G
N
D
3

R
1
9
5

R
9
1
5

R
9
1
1

R
9
1
6

R
9
1
2

44

F
1

F2

GND1

Vin5

R
8
9
7

R
8
9
2

R
9
2
0

R
8
9
8

VinM5

R167

BP55

D3

R975

B
P
4
4
9

B
P
4
5
8

B
P
3
8
1

B
P
4
4
3

U
1
0
9

B
P
4
3
0

U
1
0
7

B
P
4
4
6

U
1
0
8

B
P
4
3
1

B
P
4
4
2

U
1
1
0

U
1
1
1

U
1
1
3

U
1
1
2

U
7
7

R926

R
8
5
2 R927

R941

R950

R
8
5
6

R930

R
8
6
0 R938

R954

R923

R
6
4
1

R
7
4
5

R679

R681

R
7
4
9

R
7
5
3

R695

R694

R
7
5
7

R925

R
8
5
0

R940

R946

R949

R943

R928

R952

R929

R
8
5
4

R942

R951

R948

R947

R
8
5
8

R944

R945

R939

R931

R934

R933

R953

R
8
6
2

R936

R937

R935

R932U81

R924

BP385

R696
U84

U92

BP389

R
7
4
7

BP393

U80
R680

BP397

R
7
5
1

U87

BP401

U90
R678

BP403

U89

R
7
5
5

BP409

U54
R355

BP266

R
4
1
0

R
8
0
8

R
8
0
6

R
8
0
5

R
8
0
7

R650

R651

R653

R652

R659

R647

R648

R298

U93

U105
BP447

BP450
U102

R
8
0
4

U94
BP453

R
7
8
6

U99
BP432

BP435
U104

BP444
U95

R
8
0
3

U75
BP426

BP378

R
6
3
3

R734
R654

R738

R742
R658

R737

R740

R656
R735

R657
R741

R736

R743
R655

R739

R731
R646

R733

R732

R730
R649

R297
R393

R394

R771

R760

R761

R765

C252

R719

C254

C256

C260

C264

R835
R758

R836

R837
R762

R767

R845

R839
R768

R846

R764

R769
R842

R847

R759

R838

R840

R770
R841
R763

R848

R766

R844

R843

R638
R627

R628

R716

R639

R717
C251

R718

C253

R720

R721
C255

R722

C258
R724

C257
R723

R725
C259

R726

R728

C261
R727
C262

R729
C263

R370

R371
C99

C100

R
7
0
1

C
2
3
7

C
2
4
1

BP386

R
7
0
6

R
6
9
0

C
2
4
5

BP394

C
2
4
9

BP404

R
6
7
5

BP267

BP429

BP428

BP452

BP445

BP456

BP455

BP457

BP434

BP438

BP437

BP440

BP441

BP425

BP424

U83

BP377

BP376

BP382C
2
3
9

U82

U88

R
7
0
2

C
2
4
3

U85
BP390

R
6
9
1

U86

U79

C
2
4
7

BP398

R
7
0
5

U91

C
9
0

U55
BP406

R
3
5
0

U
1
1
4

R772

C316R784

R773

R774

R780C317

R776C318

R775

R778C319

R781

C315R777

R783

C314R779

R782

C320R785

R629

R630C236

R668

R660C279

R671

C280

R670

R661

C281R662

R673

R663C282

R669

C283R664

R672

R667

R665C284

R666C285

R314

C231R307

R976

R977

R969

BP470

BP469

R958

R960

BP471

R961

R959
R970

U
4
7

R962

R964

R963

R
9
6
8

R
9
6
7

D
1
0

L
6

R
9
6
6

C
6
6

D
8

F
S
P
1
0
8

R957R972

R971L7

L8C
3
2
2

C
3
2
1

X
2

C
6
5

v
v
O
U
T
D
1

R
9
5
6

T
P
1

v
D
S
1
n

GND8BP36

R
2
6
2

C323

v
W
R
I
T
E
/

v
L
W
O
R
D
/

R
2
4
7

G
N
D
2

v
A
M
2

v
A
M
1

U23

R
2
4
8

v
A
M
3

U
4
3

v
I
A
C
K
/

RXD1

R129

C40

v
v
O
E
D
L
/

v
D
T
A
C
K
1

v
v
O
E
A
/

R
2
2
8

F
S
P
1
6
2

R
2
3
4

R
2
3
5

J8

R
2
2
9

R
2
2
4

E
C
L
K
1
2

G
N
D
7

R
2
2
5

R
6
4

R
6
7

J
1
5

R58

R
5
9

R
5
3

R48

R
4
2

G
N
D
5

L4

R
3
3

TRX1

TTX1

R214

R
8
9
3

R
9
2
1

R212

R213

R
8
9
1

R
9
1
7

R
9
1
9

R
9
1
8

C60

R
9
1
3

R
9
1
4

22

R
1
9
4

R
9
0
9

R
9
0
7

R
9
0
8

R
9
1
0

R
1
9
2

R
9
0
5

R
9
0
3

R
9
0
4

R
9
0
6

R
1
9
3

R
1
9
0

R
8
9
9

R
9
0
1

R
9
0
0

R
9
0
2

R
1
9
1

R
1
8
0

R
8
9
5

R
8
9
6

R
1
8
9

U29

R
8
9
4

R
9
2
2

C
4
8

C47

L3

R166

G
N
D
6

J
1
8

C
2
6
6

C
2
7
0

C
2
7
4

C
2
7
8

C
2
6
8

C
2
7
2

C
2
7
6

C
1
2
3

C
3
0
3

C
3
0
7

C
3
1
1

C
2
2
6

R798

C
3
0
1

R790

R797

C
3
0
5

R791

R799

C
3
0
9

R789

R788

C
3
1
3

R634

C
2
6
5

B
P
4
1
8

C
2
6
9

BP388

B
P
4
2
0

C
2
7
3

BP396

B
P
4
2
3

C
2
7
7

BP402

B
P
4
2
1

BP269

BP448

BP451

BP454

BP433

BP436

BP439

BP427

BP379

C
2
6
7

BP384

B
P
4
2
2

BP392C
2
7
1

B
P
4
1
7

C
2
7
5

BP400

B
P
4
1
9

C
1
2
2

BP408

B
P
2
9
7

B
P
4
6
3

B
P
4
6
1

B
P
4
6
4

B
P
3
8
0

C
3
0
0

B
P
4
6
5

C
3
0
4

B
P
4
6
0

C
3
0
8

B
P
4
6
2

B
P
4
5
9

C
3
1
2

R
6
7
7

R
7
4
4

R
7
4
8

R
7
0
4

R
7
5
2

R
7
0
8

R
7
5
6

R
6
7
4

C
3
0
2

C
3
0
6

C
3
1
0

C
2
2
5

R
7
4
6

R
7
0
7

R
7
5
0

R
6
7
6

R
7
5
4

R
7
0
3

R
4
0
9

R
3
4
9

R
8
4
9

R
8
5
3

R
8
5
7

R
8
6
1

R
8
5
1

R
8
5
5

R
8
5
9

R
6
4
0

C286
R824

C289

R828
C290

C293

R832
C294

C297

C298
R637

C224

R698

C
2
3
8

R700

C
2
4
2

R682

C
2
4
6

R684

C
2
5
0

R822

R821
C287

R826

R823
C288

R825
C291

R827

R830
C292

C295
R829

R831
C296
R834

C299
R833

C223
R636

R683

C
2
4
0

R699

C
2
4
4

R697

C
2
4
8

R353

C
9
1

R
7
9
4

R
8
1
9

R
8
0
9

R
8
1
4

R
7
9
5

R
8
1
0

R
8
1
6

R
6
3
2

R
6
8
6

R
6
8
8

R
6
8
7

R
6
8
5

R
8
1
3

R
7
9
2

R
8
2
0

R
7
9
3

R
8
1
2

R
8
1
1

R
8
1
5

R
6
3
1

BP383

BP387

R
6
8
9

BP391

BP395

R
6
9
3

BP399

R
6
9
2

BP405

BP407

BP264

R
3
3
0

B
P
4
1
0

B
P
4
1
3

B
P
4
1
5

B
P
4
1
4

U97

U100

U103

U96

U106

U101

U98

U76

B
P
4
1
1

B
P
4
1
6

B
P
4
1
2

B
P
2
9
3

R
8
0
2

R
8
0
0

R
8
0
1

R
6
3
5

R
7
1
1

R
7
0
9

R
7
1
5

R
7
1
4

R
8
1
7

R
7
8
7

R
7
9
6

R
8
1
8

R
7
1
0

R
7
1
2

R
7
1
3

R
3
2
9

Pulse Shaper



Comparator/TDC Options

There are three comparator implementation options that we plan on 
including on this board for testing:

Each option uses the FPGAs in different manners and includes the 
comparator at different points in the design.

The current plan is to include all three of these options on this con-
trol card so that they can be tested and a final decision can be made on 
which one will be used.



Feed 
Through

Shaper

Shaper

Shaper

Shaper

TDC

TDC

TDC

TDC

FPGA

Vref

Option I

The pulse shaper and reference voltage feeds directly into •	
separate comparators that precedes the FPGA ,

The TDC is programmed onto the FPGA that follows the •	
comparators.



FPGA

Feed 
Through

Shaper

Shaper

Shaper

Shaper

FPGA

Vref

TDC

TDC

TDC

TDC

Option II

The comparator is no longer a separate component from •	
the first FPGA,

The comparator and the TDC will be programmed onto •	
the same FPGA where the analog signal and reference 
voltage will be sent after leaving the pulse shaper.



Option III

FPGA

Feed 
Through

Shaper

Shaper

Shaper

Shaper

FPGA

Vref

TDC

TDC

TDC

TDC

Ethernet
Controller

Sends the digitized signal via Ethernet instead of serial •	
port,

Can use either of the previous comparator options.•	
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This section of the layout 
contains the Differential 
comparator that follows after 
the pulse shaper...
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Option I on the new layout

and here is the schematic.
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Option III on the new layout



Ethernet Control

The old Ethernet controller had two separate stages:

Internet connectivity chip & Physciever chip.



Ethernet Control

The new Ethernet controller uses the WIZnet Ethernet 
W5100 that allows us to replace both chips by combining 
their functionality and preserving their performance.
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Ethernet Control

The new design and layout for the Ethernet controller 
saves valuable space on the control card.



Thank You for Listening!


